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GENERAL INTRODUCTION 
The modem era of mycotoxlcology began with studies on the outbreak 
of Turkey "X" Disease in England in 1961^ '®^ . The agents responsible for 
the death loss, decreased productivity, toxic hepatitis and biliary 
hyperplasia were ultimately determined to be mycotoxins. These 
mycotoxins were named aflatoxins, after the organism that produced them, 
Aspergillus flavus^ '^ '^ .^ . 
The original feedstuff implicated in Turkey X disease (Brazilian 
peanut meal) contained mycelial fragments, but no fungus was isolated 
from the peanut meal. Early experimental work was done with a fungal 
isolate obtained from a similar outbreak involving Ugandan peanut 
meal^ '^ G This isolate was originally believed to be an isolate of 
A.flavus. but was later determined to be an isolate of Aspergillus 
Û parasiticus^ . 
The variation in clinical signs noted in Turkey X disease versus 
experimental aflatoxicosis led Cole (1986) to suggest that another 
mycotoxin, cyclopiazonic acid, might have been involved in the original 
outbreak^ . 
Cyclopiazonic acid (CPA) was originally isolated from Pénicillium 
cvclopium Westling27 during routine screening of cultures of Pénicillium 
spp. It was suggested as a secondary mycotoxin in Turkey X disease 
because several studies had demonstrated that various Aspergillus sp. 
could produce both aflatoxin and CPA^ ®'^ ,^ but A^ . parasiticus isolates 
had not been shown to produce CPA^ .^ Additionally, administration of CPA 
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caused clinical signs similar to the original descriptions of Turkey X 
disease®»^ . 
In studies to test the synergism of aflatoxin and CPA, guinea pigs 
intoxicated with CPA demonstrated dyskinesia when forced to exercisers. 
Microscopic examination of skeletal musclé from guinea pigs in 
preliminary dose-related studies^ l (unpublished) demonstrated myofiber 
degeneration and necrosis. The objectives of the following experiments 
were to determine the pathogenesis of the muscle lesion, to characterize 
the lesion, and to determine which fiber types were involved. 
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LITERATURE REVIEW 
Cyclopiazonic acid (CPA) is a mycotoxin originally isolated from 
Pénicillium cvcloptum Uestling by Holzapfel^ ? in 1968. CPA has been 
characterized as a toxic indole tetramlc acid, similar to the mycotoxlns 
tenuazonic acid and erythroskyrine, and acts as a lipophilic monobasic 
acid 27,28,29,30,60 
Cyclopiazonic acid has been isolated as a naturally occurring 
mycotoxin from corn, peanuts, cheese, and millet20'34,36,59 Several 
fungi in the Pénicillium and Aspergillus genera have been shown to 
produce CPA, among them Pénicillium cvclopium. P. patulum. P. 
virldicatum. P. puberlum. P. crustosum. P. camembert!. Aspergillus 
versicolor. A. orvzae. A. tamarii. and ^  flavus 
13,14,15,35,36,37,39,49,50,61 cp^  may be a more common metabolite of 
A^  flavus than aflatoxin, as one study has shown that 19 of 31 isolates 
of ^  flavus detected in dried food products produced CPA, while only 6 
of the 31 isolates produced aflatoxin®^ . 
Cyclopiazonic acid has been implicated as a possible factor in 
"kodua poisoning"54. Kodua poisoning is associated with ingestion of 
moldy millet (Paspalum scrobiculatum)Clinical signs in livestock 
include depression, nervousness, incoordination and spasms^ .^ In man, 
ingestion of infected grain results in clinical signs of tremors and 
sleepiness. An extract from the infected grain produced depression and 
loss of mobility when injected into mice, and CPA was identified in the 
extract. Two fungi, Aspergillus flavus and A^  tamarii were consistently 
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isolated from the seed and both fungi produced CPA^ .^ 
Experimental work with cyclopiazonic acid in animals began in 1971, 
when Purchasers determined that the intraperitoneal (ip) LD50 for male 
rats was 2.3 mg/kg while the LD50 per os (po) was 36 mg/kg for males and 
63 mg/kg for females. Oral administration of CPA resulted in dose-
related degenerative changes in the liver, kidney, spleen, pancreas and 
myocardium. Other studies with rats have shown similar results, with 
toxicity and lesions dependent on dose and frequency25'41,46,53,65 
Histopathologic changes in liver, kidney, pancreas, adrenal gland, 
salivary gland, testes, and gastrointestinal (GI) tract have been 
reported. These lesions range from vacuolated and granular hepatocytes 
and dilated renal tubules with pyknotic nuclei and a few scattered casts, 
to small foci of coagulative necrosis and hepatocyte degeneration in the 
liver, splenic necrosis and hemorrhage, mucosal erosions in the 
gastrointestinal tract, and occasional foci of ulceration and necrosis in 
the GI tract. Salivary gland changes consisting of swollen serous and 
ductular epithelial cells, with clear nucleoplasm and prominent nucleoli 
are also reported. Diarrhea, crusted eyelids, and abnormal posture and 
movement have also been noted^ '^^ .^ 
Cytoplasmic vesiculation due to dilatation of the endoplasmic 
reticulum (ER) was the major ultrastructural change in hepatocytes of 
rats dosed with 4 mg/kg po of CPA. The increase in width of ER was dose 
related. Mitochondrial swelling was also present, but mitochondrial 
lysis was not observed^ *. Membranous organelles (mitochondria, ER) 
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appear to be primarily affected at the ultrastructural level, suggesting 
CPA may Interfere with membrane specific processes associated with these 
organelles. 
No teratogenic effects have been found in offspring of pregnant 
Fischer 344 rats or mice given In mice, only mild growth 
retardation of fetuses was noted when dams were given CPA^ .^ 
Neurological effects of CPA in mice include catalepsy, decreased 
spontaneous motor activity and lowered body temperature. Chemical 
analysis of brain tissue revealed that CPA altered concentrations of 
neurotransmitters and metabolites, suggesting CPA may affect dopaminergic 
and serotonergic systems^ »^^ .^ 
The time of death in mice was related to the amount of CPA given, 
with earliest deaths (24-259 minutes) associated with a dose of 12.5 
mg/kg or greater. Delayed death appeared to be due to cachexia, as food 
and water intake was severely curtailed. Although tremors associated 
with forced exercise were noticed in mice dosed with CPA, the tremors 
were not as severe as those seen with tremorine or harmaline^ .^ 
In dogs, CPA given at 1.0 mg/kg po twice a day (BID) results in 
moribund and dead animals within 48 hours^ ®. Clinical signs include 
anorexia, vomiting, diarrhea, dehydration, weight loss, pyrexia, and 
depression. Gross lesions were seen most frequently in the GI tract and 
kidneys. Hyperemia and ulceration of soft palate, esophagus, and GI 
tract were seen with ulcers most numerous near Peyer's patches. 
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Kidneys of most dogs given 0.5 or 1.0 mg/kg of CPA BID had raised 
circular infarcts. This lesion was not seen in animals that survived. 
Lesions attributed to CPA were also seen in other organs, including 
uterus, epididymis, adrenal glands, skin, and urinary bladder. 
Microscopic lesions of ulceration and necrosis were usually 
associated with vascular damage. Karyomegaly was also described, 
although the significance of this lesion is unknown. 
Lesions in lymphoid tissues were not associated with vascular 
damage. Extensive necrosis of lymphocytes and lymphoid depletion 
occurred in the spleen, tonsils, mesenteric lymph nodes, Peyer's patches, 
and other lymphoid follicles in the GX tract. Areas rich in B-
lymphocytes (germinal centers, white pulp) were more severely affected 
than those rich in T-lymphocytes. Erosion and ulceration in the GI tract 
were accompanied by a hyperemic and edematous lamina propria, and 
frequently by a heavy infiltrate of neutrophils. 
Vascular lesions were random and segmental and ranged from swollen, 
vacuolated endothelial cells with infiltrates of a granular acidophilic 
material between the endothelium and internal elastic membrane, to loss 
of endothelial cells, fibrin in the tunica media, vacuolated myocytes of 
the tunica media, and infiltrates of neutrophils and eosinophils. The 
most severely affected vessels had foci of necrosis, hemorrhage, and 
neutrophils in the intima and media. The lesions in the vascular system 
were suggested to be due to a direct toxic effect of CPA resulting in 
endothelial damage, leakage of fibrin, erythrocytes, and other blood 
9^ 
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components Into the intima and media of vessels, progressing to 
vasculitis or necrosis. The ulceration and necrosis in the various 
organs were attributed to ischemia from vascular damage and thrombosis. 
Males and spayed females succumbed to the toxin sooner than intact 
females, suggesting a protective effect for estrogen. Similar 
observations were made by Purchasers who noted male rats had a lower LD50 
than female rats. 
Diarrhea, weakness, inactivity, rough hair coats, anorexia, and 
weight loss were observed in pigs given CPA p.o. at 10 mg/kg/day^ ®. 
Animals given 1 mg/kg/day had rough hair coats and decreased activity. 
Lesions occurred only in pigs given 10 and 1 mg/kg/day CPA and were 
most prominent in the G1 tract and kidney. Gross lesions of gastric 
ulceration, mucosal hyperemia, and hemorrhages were seen in the small and 
large intestines in pigs given 10 mg/kg/day CPA. 
Microscopically, the lesions consisted of gastric mucosal necrosis 
and inflammation, villous blunting, and mucosal necrosis and inflammation 
in the small intestine and large intestine. The liver lesions varied 
from mild hepatocellular vacuolization to severe, diffuse hepatic 
necrosis. Renal lesions consisted of necrosis of tubular epithelial 
cells and focal purulent tubulointerstitial nephritis. Lesions in 
animals given 1.0 mg/kg/day of CPA consisted of mild focal gastric 
mucosal necrosis. 
Chickens fed CPA-contaminated feed at 100 ppm had high mortality, 
decreased weight gain and poor feed conversion^ .^ Lesions were 
8^  
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restricted to birds fed 100 ppm or SO ppm CPA and were primarily noted in 
the GI tract. Proventrlculi from birds in the 100 ppm group had mucosal 
erosion and hyperemia. Birds given 50 ppm had thick proventricular 
mucosa and dilated proventricular lumens. Mucosal epithelial necrosis 
and inflammation of the crop, proventriculus, and gizzard; hepatocellular 
vacuolization, necrosis, and inflammation were also seen in bird fed 100 
ppm CPA. Similar but less severe changes were seen in birds given 50 ppm 
in the feed. Other lesions noted were splenic necrosis and myocardial 
inflammation in birds fed 50 or 100 ppm CPA. 
Cullen et al.^ ® reported necrosis, hemorrhage, and hyperplasia of 
proventriculus mucosa, hepatocellular vacuolation, and skeletal muscle 
degeneration in chickens given CPA by gavage. 
Radiolabeled ^ C^PA is rapidly distributed and excreted in Sprague 
Dawley rats, with a half-life of 33+12 hours for Ip administration and 
43±25 hours for intragastric administration. Blood contained the highest 
levels of CPA, followed by skeletal muscle and liver. CPA was excreted 
in both feces and urine, with fecal excretion the major route. This 
suggested that biliary excretion plays a major role in CPA excretlon^ .^ 
Norred et al.^ ? demonstrated that CPA was found in muscle of 
chickens given a single dose of CPA. The rate of elimination of CPA was 
slower in birds given greater amounts of CPA. Weight gains were also 
decreased for up to 96 hours following the single high dose. The authors 
suggested that the most affected birds were also least able to, eliminate 
the toxin, raising the possibility of residues in these birds. 
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Guinea pigs given multiple doses of CPA per os had clinical signs 
of anorexia, rough hair coats, diarrhea and slight incoordination^ .^ 
Lesions and mortality were confined to high dose groups (1.6 and 1.95 
mg/day). Liver enzymes aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) increased slightly in high dose groups. Lesions 
were similar to those reported previously for rats, with hepatocellular 
vacuolation and superficial necrosis of the gastric mucosa the only 
significant lesions. 
Immunological responses, as measured by cutaneous hypersensitivity 
and complement activity, were not affected in guinea pigs given multiple 
doses of CPA per os^ S. CPA also had minimal short term effects on immune 
response in rats, primarily resulting in an initial lag in antibody 
production to sheep red blood cells. Results of tests on cell-mediated 
functions were inconclusive^ .^ 
In summary, the primary organs involved in CPA intoxication in most 
species are the liver, kidney, and GI tract. The dog has unusual lesions 
associated with vascular damage. Lymphoid organs also appear to be a 
target of CPA, although immune responses (antibody titer, cell-mediated 
response) do not appear to be significantly affected. Other tissues, 
including pancreas, salivary gland, and myocardium can also be variably 
involved. Skeletal muscle degeneration has been noticed in experiments 
investigating CPA intoxication in guinea pigs^ l, and CPA effects on 
striated muscle in other species have also been reported^ ® 
Z8 
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MUSCLE 
The basic organizational unit of muscle is the myoflber. Each 
myofiber is a multinucleate cell of variable diameter and length, ranging 
from 10 to 100 ^ m in diameter to 20-30+ mm in length. The myofiber 
plasma membrane, the sarcolemma, has a closely adherent basement membrane 
surrounding 
The repetitive banded appearance of the myofiber is due to the 
ordered arrangement of multiple parallel arrays of myofibrils extending 
from one end of the cell to the other. Myofibrils are made up of still 
smaller myofilaments, are not membrane bound, and make up greater than 
80% of the cell volume. Myofibrils have alternating light and dark bands 
as viewed with the election microscope, noted as I-bands and A-bands, 
respectively. The I-band is bisected by the Z-line or disk and the area 
from one Z-line to the next is known as the sarcomere. The sarcomere is 
the unit of contraction. The A-band is made up primarily of thick 
filaments, which are approximately 15 nm in diameter and 1.5 pm long and 
consist largely of myosin and a few supporting proteins. The thin 
filaments primarily make up the I-band, are approximately 6 nm in 
diameter by 1.0 pm long, and consist largely of actin, troponin, and 
tropomyosin. Thick and thin filaments interdigitate and overlap, giving 
an average sarcomere length of 2.5-2.8 nm in resting mammalian muscle. 
In addition to the organized filaments, muscle cells contain the 
sarcotubular system, a tubular array of organelles. The sarcotubular 
system can be divided into a transverse system (T-system) and a 
<78 
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longitudinal system (L-system). The T-system consists of t-tubules, 
invaginations of the sarcolemma which run perpendicular to the long axis 
of the myofiber. In mammalian skeletal muscle cells the t-tubules are 
usually found at every A-I junction. The longitudinal system or 
sarcoplasmic reticulum (SR) is a set of tubules which surround the 
myofibrils. Adjacent to the T-tubules, the SR coalesces to from two 
lateral cisternae. The formation of t-tubule and two lateral cisternae 
is called a triad. 
Sarcoplasmic reticulum has the ability to take up and release 
calcium, which is how contraction is controlled. Normally, intracellular 
calcium concentration is very low (<10'® M). An action potential carried 
into the myofiber by the t-tubules results in SR release of calcium, 
causing a rise in intracellular calcium which triggers contraction. 
Because muscle is such an active tissue metabolically, with high 
energy demands and protein turnover, it may be particularly susceptible 
to certain toxins and drugs^ .^ Pathological changes in myofibers are 
similar In some ways to changes found in other tissues, and In others are 
unique to the long, tubular, multinucleated syncytium of the myofiber, 
with its relatively high volume percentage of calcium activated 
myofilaments. Many of the changes seen in skeletal muscle degeneration 
may be focal membrane related disturbances not necessarily Involving the 
entire sarcolemma. This results in a segmental degeneration or necrosis, 
in which only part of a myofiber undergoes degeneration and necrosis. 
Membrane failure allows Intracellular calcium to Increase, leading to 
98 
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contraction or hypercontraction, and ending with mitochondrial calcium 
overload and necrosis of the myofiber^ ,^31,66 %he initial lesion may be 
obscured by the secondary changes, in this case due to calcium entry and 
its effect on myofilaments. Myofiber degeneration is a progression of 
change, often first visible as a hyaline, eosinophilic coagulum. This 
may often be fragmented, with contraction clumps separated by lucent 
areas devoid of myofibrils or debris. Many of these foci may stain more 
intensely with the usual histochemical stains. Some fibers may have a 
finely granular or vacuolar appearance. With time there is increasing 
fragmentation and finally removal of the coagulated debris. 
Differentiating the primary lesion or cause from secondary lesions may be 
difficult, as is determining whether the changes are due to a specific 
disease or agent^ .^ 
Myofibers are not identical in function or biochemical makeup. For 
example, the number of mitochondria and amount of SR varies with the 
myofiber type. One method of muscle classification depends on 
innervation and speed of contraction, whereby myofibers are classified as 
twitch or non-twitch fibers. One of the primary means used to classify 
fibers is the difference in myofibrillar adenosine triphosphatase 
(ATPase) staining following incubation in acid or alkaline 
solutions7'B»23'24 More recent studies have used immunochemical means 
to classify muscle fibers from certain muscles in up to four 
histochemically defined groups and correlated these groups with myosin 
isoforms, or have demonstrated multiple isoforms in histochemically typed 
88 
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single flbers21'58'59. The combination of physiologic, biochemical, and 
hlstochemlcal staining systems used in classifying myofibers has led to a 
confusing, but nevertheless reasonably effective way of identifying 
myofibers within muscle. One of the more commonly used schemes 
classifies fibers as: type I-slow twitch, oxidative (SO); type Ila-fast 
twitch, oxidative-glycolytic (FOG); type Ilb-fast twitch, glycolytic 
(FG). The scheme is a synthesis of results from several studies, 
incorporating multiple hlstochemlcal stains and biochemical 
results4«7'8'52. 
Myoflber classification using ultrastructural characteristics has 
been tried with, varying success. Characteristics assessed Include Z-line 
width, M-llne appearance, amount of SR, mitochondria number and shape, 
and amount of lipid. Some reports indicate that ultrastructural 
parameters of individual muscle fibers can be correlated with 
hlstochemlcal results with a reasonable degree of accuracy^ »^. One 
report indicates that using both Z-line and M-band appearance is more 
reliable in classifying fibers than Z-line alone^ ?. other studies, 
particularly those using Immunocytochemical means, indicate that 
classification based on Z-line thickness does not necessarily correlate 
with hlstochemlcal type^ .^ Ultrastructural parameters can be suggestive 
of a given fiber type, but unless the muscle group is well defined 
biochemically and hlstochemically, ultrastructural parameters alone may 
not be sufficient to make an unequivocal determination of fiber type. 
Nevertheless, such a classification attempt which takes into account 
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known hlstochemlcal type as well as ultrastructural characteristics, has 
merit in determining what fiber type may be involved in a particular 
pathologic process. 
Guinea pig vastus lateralis, gastrocnemius and soleus muscles have 
been studied using histochemical and biochemical techniques. Certain 
muscle and muscle groups consist primarily of FG (v.lateralis white), FOG 
(v.lateralis red), and SO (soleus), as well as more mixed muscles 
(gastrocnemiusMorphometric methods applied to guinea pig muscle 
to quantitate the various components (SR and mitochondria volume 
percentage, Z-line width) of myofibers in these muscles show that SR is 
greatest in FG fibers, mitochondria make-up a greater percentage of 
myofiber volume in SO and FOG fibers, and that Z-line width is greatest 
in SO fibers, least in FG fibers^ '^^ '^^ .^ 
The known fiber distribution within these guinea pig muscles 
facilitates the determination of which particular fiber type is involved, 
making the guinea pig a useful model to study in myopathy. In addition, 
previous morphometric assessment of organelle distribution and volume 
percentage within the muscle should assist in myofiber identification at 
the ultrastructural level. 
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ABSTRACT 
Guinea pigs were given 4 mg/kg/day of cyclopiazonic acid (CPA) for 
1, 2, 3, or 4 days and skeletal muscle was examined for histopathologic 
and ultrastructural changes. Increases in activity of aspartate 
aminotransferase and creatine phosphokinase in serum indicated acute 
necrosis and enzyme leakage. Hyofiber degeneration was most severe in 
the gastrocnemius muscle; there.was slight involvement of biceps femoris 
and vastus lateralis muscles. Affected myofibers were type Ila (fast 
oxidative-glycolytic or FOG) fibers. No lesions were noticed in the 
soleus muscle, (100% type I-slow oxidative or SO muscle fibers in the 
guinea pig). In degenerate muscle fibers, mitochondria were swollen and 
contained fragmented cristae and multiple dense granules. There was 
focal to diffuse disruption and loss of plasmalemma in degenerate fibers. 
Sarcoplasmic reticulum varied from normal to severely dilated tubules in 
affected myofibers. Condensed myofilament debris was interspersed with 
foci of short filaments, granular debris, swollen mitochondria, and SR. 
Shortened and thinned myofibrils, evidence of myofibrilysis, were visible 
within affected fibers and within intact myofibers adjacent to more 
severely affected myofibers. Endothelial cells were occasionally swollen 
and degenerate in small blood vessels adjacent to affected myofibers. 
These studies show that CPA induces a moderate to severe myopathy in 
selected muscles of guinea pigs, primarily affecting type lia (fast 
oxidative-glycolytic or FOG) fibers. 
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INTRODUCTION 
Cycloplazonic acid (CPA) Is a toxic Indole tetramlc acld^  ^produced 
by several fungal species In the Pénicillium and Aspergillus genera. 
The toxin has been isolated from corn, peanuts, and cheese, and has been 
Implicated in "kodua poisoning" associated with ingestion of moldy 
millet^ O,27,36,37,38,39,42,46,50,51,59,68 may be a more common 
metabolite of A. flavus than aflatoxin^ '^^ .^ 
Experimentally CPA toxicosis is characterized by necrosis, 
ulceration and atrophy with primary organ involvement dependent on 
species. In rodents, hepatic vacuolation and necrosis, splenic lymphoid 
depletion, necrosis and hemorrhage, and nephrosis are the most reported 
and severe leslons32«45,48,58,61,74 similar lesions have been reported 
in pigs and birds, as well as gastrointestinal hyperemia and 
ulceration7'll'41. Dogs given CPA per os (p.o.) had ulceration and 
necrosis of the alimentary tract, renal infarcts, and dermal necrosis, 
all attributed to vascular damage. Lymphoid depletion and necrosis was 
also reported, particularly in areas associated with B lymphocytes 
(germinal centers and the splenic white pulp)^ .^ 
Necrosis of myocardial and skeletal muscle fibers has been seen in 
rats and chickens given CPA7'45,58 n^ rats, affected myofibers were 
swollen, eosinophilic, and had a hyaline appearance. In chickens, fibers 
were also fragmented, separated by edema, and had aggregates of 
inflammatory cells associated with necrotic myofibers. 
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Guinea pigs intoxicated with CPA were reluctant to move and had 
slow and weak leg movement when forced to move®^ . Myofiber degeneration 
and necrosis of skeletal muscle were seen also in preliminary studies 
using guinea pigs^ .^ 
Hyofibers can be classified or differentiated by several broad 
schemes based upon contractile properties, metabolic or biochemical 
properties, myosin ATPase activity, or immunochemical staining with 
antimyosin antibodies28,60,66 Most histochemical methods are based upon 
staining oxidative enzymes or myosin ATPase at various pH levelsl'2,3,54 
Using a combination of metabolic methods and myosin ATPase staining, 
guinea pig hind limb muscles have been well characterized according to 
fiber types, and have also been well characterized using electron 
microscopy!,18,20,21,22,23,54 
Because CPA is produced by a number of common fungal species found 
in a variety of foodstuffs, and these are not routinely monitored for the 
presence of CPA, animal exposure to CPA may occur. The objectives of 
this study were to assess the progression of muscle damage using muscle 
enzymes in sera, to determine the fiber type(s) involved using 
histochemical and ultrastructural methods, and to detect the site of 
injury in the myofiber using electron microscopy. 
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MATERIALS AND METHODS 
Cyclopiazonlc acid (CPA) (gift of Dr. Richard Cole, Dawson, GA) was 
dissolved in chloroform at a concentration of 20 mg/ml and 0.1 ml 
aliquots of this solution were pipetted into No.5 gelatin capsules. 
Control capsules were filled with chloroform only. The chloroform was 
allowed to evaporate overnight and the capsules were reassembled and held 
at 4°C. until use. 
Twenty-one male guinea pigs (Biolab Corp., St. Paul, MN), average 
weight 450 grams, were allowed to adapt to their environment for five 
days before beginning the experiment. Guinea pigs were weighed daily. 
Principal animals were given CPA per os in capsules (2mg/capsule, 
approximate beginning dose of 4 mg/kg) for 1, 2, 3, or 4 days and control 
animals were given empty capsules. Two guinea pigs at each time were 
killed 8 and 16 hours after they were given a single dose of 4 mg/kg CPA. 
These guinea pigs' clinical signs, and histopathology and electron 
microscopy results were combined as Group 1 results. Other animals were 
killed 16 hours after they had received a total dose of 8, 12, or 16 
mg/kg CPA at 4 mg/kg/day of CPA (Groups 2, 3, and 4) (Table 1). 
Blood samples were drawn under brief CO; anesthesia. Guinea pigs 
were deeply anesthetized with sodium pentobarbital (40 mg/kg ip) and the 
skin and fascia covering the lateral thigh muscles were incised. Small 
muscle samples from vastus lateralis, gastrocnemius, and soleus muscles, 
approximately 0.3 cm X 0.3 cm X 1.0 cm, were sharply separated from 
surrounding muscle except at the distal ends, tied to a wooden stick or 
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clamped with modified Lambert Chalazion forceps at isometric length, and 
resected. These samples were immediately placed in cold (4° C.) fixative 
(4% formaldehyde, 5% glutaraldehyde in O.IH phosphate buffer, pH 7.3) for 
4-6 hours, cut into small cubes (l-2mm^ ) and left in fixative overnight. 
Samples were washed in O.IM phosphate buffer (pH 7.3), post-fixed in 1% 
osmium tetroxide in O.lM phosphate buffer (pH 7.3), dehydrated in graded 
alcohols, and infiltrated and embedded in plastic (Medcast,Ted 
Bella,Inc., Tustin, CA). Both longitudinal and cross sectional one 
micron sections of myofibrils stained with toluidine blue were used to 
assess histologic changes and define areas for observation with 
transmission electron microscopy (TEM). Thin sections were cut on an LKB 
Ultrotome (LKB Froducter AB, Stockholm-Bromma, Sweden) stained with 
uranyl acetate and lead citrate and examined in a Philips 410 Electron 
Microscope (N. V.Philips Gloeilampenfabrikien, Eindhoven, The 
Netherlands). 
Samples of muscle for histochemistry (0.5 cm X 0.5 cm X .75 cm) 
from soleus, lateral gastrocnemius, vastus lateralis, and biceps femoris 
were mounted on wood blocks with O.C.T. (Tissue Tek, Miles Scientific, 
Napierville, IL) and frozen in isopentane cooled with liquid nitrogen. 
Frozen samples were stored at -68* C. until assayed. Serial sections 
from frozen muscle were cut at 8 um and stained with Gomori's trichrome, 
for myofibrillar adenosine triphosphatase (ATPase) (pH 10.2, 4.7,and 
4.3), and nicotinamide adenine dinucleotide-tetrazolium reductase (NADH-
TR)2.67. Sections were coverslipped, examined by light microscopy, and 
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selected sections were photographed. 
Additional samples of muscle were fixed in 10% neutral buffered 
formalin (pH 7.2), processed by routine paraffin technique, sectioned, 
stained with hematoxylin and eosin for histopathologic examination. 
Liver, spleen, kidney, stomach, jejunum, ileum, colon, cecum, 
testes, lung, adrenal gland, mesenteric lymph node, and brain were fixed 
in 10% neutral buffered formalin (pH 7.2), processed by routine paraffin 
technique, sectioned, and stained with hematoxylin and eosin for 
histopathologic examination. 
Serum was frozen and stored at -68° C. until assayed for serum 
creatine phosphokinase (CFK), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (SAP), blood urea nitrogen 
(BUN), protein, albumin, calcium, and phosphorus. 
23 
RESULTS 
Guinea pig treatment and number are shown in Table 1. Control 
values in Figures 2-6 are the average of two animals each day killed with 
CPA-treated animals of Group 2, 3,and 4. Control values from animals on 
different days were not significantly different. 
Guinea pigs given 8 mg/kg CPA were slightly lethargic, inactive, 
and had roughened hair coats. Guinea pigs given 12 or 16 mg/kg 
cyclopiazonic acid (CPA) had similar, but more severe, clinical signs. 
All CPA-intoxicated animals receiving 12 or 16 mg/kg CPA developed a mild 
diarrhea, with dark, watery to mucoid feces. Severely affected guinea 
pigs had slow, weak, and irregular leg movements when placed on their 
sides, and did not regain their feet as quickly as controls. Trembling 
was not noticed. Body weight diminished in guinea pigs given CPA 
(Fig. 1). 
Serum creatine phosphokinase (CPK) increased markedly in animals 
given toxin. The CPK activity in two of five animals in Group 4 was 
greater than 10,000 lU/L. Control values never exceeded 200 lU/L 
(Fig. 2). Both aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) activity increased in serum of toxin-treated 
animals in Group 4 (Fig. 3). Serum alkaline phosphatase (SAP) activity 
decreased in guinea pigs given CPA (Fig. 3). Serum phosphorus levels 
(Fig. 4) increased in animals given CPA, as did the amount of BUN 
(Fig. 5). Serum protein and albumin concentrations also increased in 
toxin-treated animals on day 4 (Fig. 6). 
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Gross lesions were not seen In skeletal muscle. Livers of animals 
given 12 and 16 mg/kg CPA were slightly pale and tan compared to 
controls. Intestines of guinea pigs from Groups 3 and 4 contained less 
Ingesta than controls; the Intestinal contents were more fluid in 
consistency, and the intestinal wall was thinner and more flaccid. 
Histochemistry, histology, and electron microscopy all demonstrated 
that lesions were most prominent in the gastrocnemius muscle, with lesser 
numbers of affected fibers in vastus lateralis and biceps femoris. The 
soleus muscles of Group 4 guinea pigs had 2-3 slightly swollen, deeply 
eosinophilic fibers, but no necrotic fibers. 
Mild changes in the gastrocnemius, vastus lateralis and biceps 
femoris were first seen in guinea pigs given 12 mg/kg CPA (Group 3). 
Lesions consisted of increased numbers of contraction bands in both fixed 
and frozen tissue, but few necrotic fibers. Muscles from animals given 
16 mg/kg CPA had pronounced changes in two out of 5 animals, with 
Increased numbers of necrotic fibers, separation of fibers by edema, and 
Increased numbers of inflammatory cells. Three animals had less severe 
changes, similar to lesions seen in animals given 12 mg/kg CPA. Affected 
fibers were characterized by segmental necrosis with a flocculent to 
homogeneous eosinophilic appearance of the myofiber. Large, irregular 
spaces with a more lucent or granular appearance were within some fibers. 
A few myoflbers had moderate mineralization. Intrafiber inflammatory 
cells were rare, but both neutrophils and mononuclear cells were present 
in some fibers (Fig. 7). There was an Increase in the number of round, 
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swollen, deeply eosinophilic, hyaline fibers compared to controls. 
Serial frozen sections of muscle (Figs. 8, 9, 10, and 11), 
including those stained with modified Gomori's trichrome (Fig. 8), had 
changes similar to those seen with H and E. Biceps femoris, vastus 
lateralis, and gastrocnemius muscles had changes related to toxin; 
increased numbers of necrotic and degenerate fibers corresponded to an 
increased dose of CPA. Soleus sections contained no necrotic fibers. 
Affected myofibers varied in appearance from a swollen, dense, hyaline, 
homogeneous appearance to fibers with hyaline bands and whorls often 
separated by more lucent to granular cytoplasm (Fig. 8). These fibers 
often had an outer periphery of striated myofibrils with a more lucent or 
granular center. 
Necrotic and degenerate fibers stained with nicotinamide adenine 
dinucleotide-tetrazolium reductase (NADH-TR) contained large, focal, 
dense aggregates of tetrazolium reductase activity (formazan granules). 
These aggregates were more common just beneath the sarcolemma, but were 
also scattered throughout the myofiber. Dense staining foci were, 
separated by more homogeneous, slightly hyaline areas with smaller foci 
of formazan granules (Fig. 9). Myofibrils in whorls or clumps were seen 
most easily with this stain. 
Staining of necrotic and degenerate fibers was not as marked or 
definitive with myofibrillar adenosine triphosphatase (ATPase) stains, as 
the affected fibers had lost some staining specificity (Figs. 10 and 11). 
Necrotic fibers had small to large foci of pale to Intense staining at 
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pH 4.7. Changes In myofibers stained at pH 10.2 were partially obscured 
due to the typical deep staining of affected fibers. Necrotic and 
degenerate fibers were visible as dense, shrunken, and irregular foci 
within these myofibers at this pH. 
Muscle fibers were differentiated as to type (Table 2, Figs. 8,9, 
10, and 11). Affected fibers were classified as Type II fibers, as noted 
by the intense staining of myofibers using ATPase at pH 10.2 and NADH-TR 
techniques (Figs. 9 and 11). Based on the numerous, large, intense foci 
of NADH-TR activity and slightly more Intense staining with ATPase at pH 
4.7 (Fig. 10), affected myofibers were further characterized as Type Ila 
or FOG fibers. 
Electron micrographs of muscle fibers from animals given 4 or 8 
mg/kg CPA had few and nonspecific changes. Swollen mitochondria were in 
a few fibers. Some fibers had a small increase in the number of lipid 
vacuoles within individual myofibers. Animals given 12 mg/kg CPA had 
swollen mitochondria, dilatation of SR, and rare segmental necrosis of 
myofibers. With Increased dose (16 mg/kg), there were similar, but more 
severe and numerous lesions in myofibers. There was an abrupt transition 
from normal to severely degenerate or necrotic fibers. Early changes 
were restricted to swelling of mitochondria and sarcoplasmic reticulum 
(SR), followed by disruption of normal myofibril morphology, beginning 
lysis of myofilaments and Z-lines, and occasional loss of plasmalemma. 
Necrotic fibers had contracted, dense accumulations of myofilament 
debris, interspersed with remnants of mitochondria and SR. Other 
27 
organelles were often in large aggregates within less electron dense foci 
consisting of short filamentous and granular debris and surrounded by the 
more dense fibrillar debris. Mitochondria in aggregates were swollen, 
with significant fragmentation of cristae. Sarcoplasmic reticulum was 
swollen, and collections of tubules were interspersed between 
mitochondria and fibrillar debris (Figs. 12 and 13). The plasmalemma was 
variably absent from affected fibers, although the basement membrane was 
generally intact (Fig. 14). Large lipid vacuoles were common in 
degenerate myofibers (Fig.12) Myelin whorls or figures were near the 
cell periphery in some affected fibers. Severely degenerate and necrotic 
fibers had multiple dense granules within mitochondria (Fig. 15). 
Endothelial cells in capillaries adjacent to some necrotic fibers 
had more lucent cytoplasm and were swollen to partially occlude the 
vessel lumen. This change was not constant as unaffected capillaries 
were found surrounded by necrotic fibers, and degenerate vessels could be 
found 1 or 2 fibers away from necrotic fibers. 
Guinea pigs in Groups 3 and 4 had mild to moderate hepatocellular 
vacuolation. Vacuolated hepatocytes were more numerous around central 
veins than portal areas, although they were present in both areas. 
Lungs of both toxin-treated and control animals had mild to 
moderate, focal to diffuse infiltrates of histiocytes and neutrophils in 
alveolar septa. These infiltrates were primarily found in alveoli 
adjacent to bronchioles and bronchi. Bronchiolar mucosa in these foci 
was ragged and uneven, with Individual neutrophils often found between 
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epithelial cells and on the mucosal surface. A few cells with pyknotic 
and karyorrhectic debris were visible within lymphatic vessels and 
lymphoid aggregates. These changes, especially the necrotic cells and 
debris, were slightly more pronounced in guinea pigs given CPA than in 
controls. 
The testes, adrenal gland, mesenteric lymph node, spleen, kidney, 
and brain, both cerebrum and cerebellum, had normal histologic 
appearance. Lesions in the GI tract were restricted to the lower tract. 
All animals given 12 or 16 mg/kg had diarrhea, but no specific changes 
were seen. Coccidia were present in virtually all sections of colon, 
although there were few morphologic changes, and no infiltrates of 
inflammatory cells associated with the protozoa. 
Figure 1. Average weight for controls and guinea pigs given 4 mg/kg/day 
of CPA. CPA was first given on Day 3. 
Figure 2. Average serum creatine phosphokinase activity in guinea pigs 
given CPA. Guinea pigs were given 4 mg/kg/day of CPA for 1, 
2, 3, or 4 days. 
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Figure 3. Average of liver enzymes in serum of guinea pigs given CPA. 
Guinea pigs were given 4 mg/kg/day of CPA for 1, 2, 3, or 4 
days. 
Figure 4. Average calcium and phosphate in serum of guinea pigs given 
CPA. Guinea pigs were given 4 mg/kg/day of CPA for 1, 2, 3, 
or 4 days. 
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Figure 5. Average blood urea nitrogen (BUN) in serum of guinea pigs 
given CPA. Guinea pigs were given 4 mg/kg/day of CPA for 1, 
2, 3, or 4 days. 
Figure 6. Average protein and albumin in serum of guinea pigs given CPA. 
Guinea pigs were given 4 mg/kg/day of CPA for 1, 2, 3, or 4 
days. 
100 
80 H 
K 60 4 
+1 
40-
20-
0 -
34 
BUN 
•1 CONTROL 
C^PA 
i ii 
8 12 16 
TOTAL DOSE CPA RECEIVED (mg/kg) 
(4mg/kg/DAY) 
SERUM PROTEIN AND ALBUMIN 
8n 
6 -
CO 
# 4 
2-
Bi PROTEIN-CONTROL 
^ PROTEIN-CPA 
pa ALBUMIN-CONTROL 
^ ALBUMIN-CPA 
& 
1 1 
16 
TOTAL DOSE CPA RECEIVED (mg/kg) (4mg/kg/DAY) 
Figure 7. Muscle from a guinea pig given 4 mg/kg/day of CPA for 4 days 
(Group 4). Myofibers are degenerate and necrotic. Myofibers 
with segmental necrosis are hyaline, flocculent, and 
vacuolated. Occasional multiple intrafiber inflammatory 
cells, and rare punctate foci of basophilia, possibly 
mineralized mitochondria, are seen within myofiber. 
H and E 
36 
Figure 8. Muscle from a guinea pigs given 4 mg/kg/day of CPA for 4 days 
(Group 4). Necrotic and degenerate myofibers with homogeneous 
to flocculent appearance. I - type I fibers; A - type Ila 
fibers; B - type lib fibers; * - degenerate or necrotic 
myofiber. 
Serial frozen section, Gomori Trichrome; Bar - 45 pm. 
Figure 9. Muscle from a guinea pig given 4 mg/kg/day of CPA for 4 days 
(Group 4). Necrotic myofibers (*) have marked peripheral and 
central accumulations of formazan granules (high 
concentrations of oxidative enzyme activity, either 
accumulations of mitochondria or sarcoplasmic masses). 
Aggregates of granules occasionally have a periodicity, 
indicative of whorled or disordered myofibrils compared to 
adjacent cross-sectioned fibers. Aggregates of NADH-TR 
activity are within fibers which have a uniform, background 
staining of large, intense formazan granules, similar to type 
lia fibers. I-type I fibers; A - type lia fibers; B = type 
lib fibers; * - degenerate or necrotic fibers. 
Serial frozen section, NADH-TR; Bar - 45 pm. 
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Figure 10. Muscle from a guinea pig given 4 mg/kg/day of CPA for 4 
days (Group 4). Intense, homogenous staining, 
characteristic of Type I or SO fibers, is in only a few 
fibers (I), Degenerate or necrotic myofibers (*) have a 
slightly more focally intense background staining, similar 
to Ila or FOG fibers (A), although differentiation from 
pale staining lib or FG fibers (B) is difficult. 
Serial frozen section, ATPase, pH 4.7; Bar - 45 /im. 
Figure 11. Muscle from a guinea pig given 4 mg/kg/day of CPA for 4 
days (Group 4). Type II fibers are stained darkly. Type 
I fibers are unstained. Necrotic fibers are very darkly 
stained, with a contracted, irregular outline. I = type I 
fibers; A - type lia fibers; B - type lib fibers; * = 
degenerate or necrotic myofiber. 
Serial frozen section, ATPase, pH 10.2; Bar = 45 fim. 
Figure 12. Myofiber from a guinea pig given 4 mg/kg/day of CPA for 4 days 
(Group 4). Masses of aggregated condensed myofilament debris, 
swollen mitochondria, lipid vacuoles, and vesicular remnants 
of sarcoplasmic reticulum.. TEH; Bar - 1 foa. 
Figure 13. Myofiber from a guinea pigs given 4 mg/kg/day of CPA for 4 
days (Group 4). Remnants of SR in small collections 
interspersed with mitochondria, a few lipid vacuoles, and 
granular debris. TEM; Bar - 1 pm. 
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Figure 14. Myofiber, guinea pig given 4 mg/kg/day of CPA for 4 days 
(Group 4). Sarcolenuna is absent around much of the myofiber 
(arrow), although the basal lamina is intact. 
TEM; Bar = 0.45 fim. 
Figure 15. Myofiber, 4 mg/kg/day CPA for 4 days (Group 4). Mitochondria 
are swollen, have dense, multiple granules and fragmented 
cristae. TEM; Bar = 1pm. 
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Table 1. Treatment groups of guinea pigs given CPA 
Group Number CPA Total Dose 
rogAg/day Received (mg/kg) 
14 4 4 
2 3 4 8 
3 3 4 12 
4 5 4 16 
5 6 0 0 
Table 2. Histochemlcal results (staining character and intensity) for NADH-TR and ATFase activity 
in cross-sectioned guinea pig skeletal muscle 
Stain NADH 
10.2 
ATPase 
4.7 4.3 
Fiber Type^  
I or 
SO 
Intermediate to 
Dark 
Finely reticulated, 
pattern, numerous small 
to large formazan granules 
Light Dark Light 
lia or 
FOG 
Dark 
Numerous, large subsarco-
lemmal formazan granules 
Intermed. 
to Dark 
Intermed. 
to Dark 
Intermed. 
to Light 
lib or 
FG 
Light 
Fewer, smaller, widely 
separated formazan granules, 
fewer subsarcolemmal granules 
Dark Light Light 
T^hese results correspond with I = intermediate or slow twitch oxidative or SO, Ila = red or 
fast twitch, oxidative-glycolytic or FOG fiber, and lib = white orfasttwitch, glycolytic or FG 
fiberl'54. 
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DISCUSSION 
Clinical pathology, and histologic and ultrastructural results all 
indicated CPA induced a moderate to severe, acute myopathy in guinea 
pigs. Type II fiber (fast twitch) involvement was determined primarily 
through the use of histochemistry. Affected fibers stained intensely 
with both NÂDH-TR and myosin ATPase (pH 10.2) techniques, indicating 
involvement of type II versus type I fibers. Further characterization of 
affected type II fibers was more difficult. Excellent differentiation of 
normal type II myofibers was achieved with both NADH-TR and ATPase 
stains, but most necrotic and degenerate fibers had lost both normal 
orientation and some degree of staining specificity. Affected type II 
fibers were classified as fast twitch, oxidative-glycolytic (type Ila or 
FOG) fibers using NADH-TR staining because of large accumulations of 
formazan granules in peripheral areas and a more intense overall staining 
compared to fast twitch, glycolytic (type lib or FG) fibers. The lack 
of necrotic fibers in the guinea pigs' soleus muscles is a strong point 
for restricting myofiber involvement to Type II fibers. The guinea pig's 
soleus muscle is reportedly made up entirely of Type I fibers^ '^^ ,^ 
although this has been disputed^ .^ Our histochemistry results indicated 
a homogenous population of type I fibers. The possibility of a few type 
II fibers in this muscle may explain even the very few rounded, hyaline 
fibers seen in Group 3 and 4 animals. 
The selectivity of CPA for type lia fibers was not easily 
determined using ultrastructural methods due to the limited size and 
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number of samples containing specific or early changes without necrosis 
and hypercontraction. Both of these changes made Z-line width, as well 
as number and location of mitochondria, difficult to assess, thereby 
making fiber classification difficult. Large accumulations of 
mitochondria and prominent lipid vacuoles within degenerate and necrotic 
fibers suggested either slow twitch, oxidative (type I or SO) or FOG 
fibers were involved, as FOG fibers in guinea pigs contain a higher 
percentage of mitochondria than FG and SO fibers, and considerably more 
lipid than FG fibers^ ® 
The basis for CPA selectivity of FOG fibers is unclear. FOG fibers 
have the highest oxidative capacity in guinea pigs and other rodents, and 
have a high glycolytic enzyme activity as well^ W^SG Additionally FOG 
and SO fibers have a higher capillary to fiber ratio than FG fibers^ .^ 
Calcium transport and Ca-ATPase activity of SR isolated from fast twitch 
muscle is greater than that of slow twitch muscle^ »^^ .^ Morphometric 
studies indicate the total SR volume percentage is greatest in muscle 
composed primarily of FG fibers, and similar in muscle made up 
predominantly of SO and FOG fibers 19,21,23 Surface area of SR compared 
to cell volume of SR is also greatest in FG fibers. There is little 
information on the comparable surface area of mitochondrial membranes or 
calcium uptake by mitochondria in SO, FOG, or FG fibers^ ®, although 
mitochondrial calcium transport in SO fibers of rabbit may contribute 
significantly in decreasing intracellular calcium during muscle 
relaxation®®. These findings suggest that something other than SR 
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volume, such as calcium transport activity or the metabolic makeup of FOG 
fibers (high oxidative capacity and Increased mitochondrial content 
compared to FG fibers), or the Increased delivery of toxin to the fiber 
(due to greater blood vessel to fiber ratio), may make these fibers more 
susceptible to this particular mycotoxln. A significant percentage of 
ingested or parenterally administered CPA is delivered to muscle, 
although it does not accumulate there^ .^ 
Calcium uptake Into SR may be slowed and Intracellular calcium 
levels raised within susceptible myoflbers following muscle contraction 
in CPA-intoxicated animals. Goeger et al.^  ^reported CPA Inhibited Ca-
ATPase and decreased calcium uptake in CPA-treated SR vesicles. 
Sarcoplasmic reticulum in our study did not have the only or most 
marked morphologic changes in spite of in vitro evidence that SR Ca-
ATPase is decreased by CPA. The sarcolemma, mitochondria, and 
myofilaments were also involved in affected fibers. Myofibrils appeared 
to have been disrupted or to have lost normal orientation within myocytes 
due to hypercontraction and or possible lysis of structural proteins. 
The combination of increased Intracellular calcium and decreased 
energy production may ultimately lead to cell death^ »^??. in muscle, if 
SR is unable to take up the increased load of calcium, mitochondria must 
remove the cation from the sarcoplasm. Calcium transport by mitochondria 
results in loss of energy production, i.e., oxidative phosphorylation, 
leading to decreased levels of ATP within the myocyte^ '??. The relative 
ability of mitochondria from SO fibers to remove calcium may be another 
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mechanism of protection for this fiber type^ ®. 
An increase in intracellular calcium may activate calcium activated 
proteinase (calpain, calcium activated factor or or 
lysosomal or nonlysosomal proteases*^,?*. Calcium activated proteinase 
has been implicated in normal myofibrillar protein turnover as well as in 
pathologic conditions^ S. Loss of Z-lines has been associated in vitro 
with CAF®'^  and increased Intracellular calcium^ . In the present study, 
there was mild lysis of myofibrils and Z-lines in myofibers adjacent to 
necrotic fibers as well as degenerating fibers. The specific activity of 
calcium activated proteinase is greater for some structural proteins 
(such as desmin, titin, and some Z-line components), than contractile 
proteins^ ®and loss of these proteins, coupled with hypercontraction, 
might explain the high number of whorled fibers in affected muscle. 
Binding of CPA to myofiber membranes may activate endogenous 
phospholipases, increasing membrane permeability and intracellular 
calcium levels. Fhospholipase-A has been shown to be activated by 
Increased intracellular calcium levels^ G. Oxidized products from fatty 
acids produced from phosphollpase activity on membranes may form calcium 
ionophores72'75, which could lead to increased Intracellular calcium 
levels and further phospholipid turnover. 
Enzyme release from experimental muscle damage can be inhibited by 
decreasing extracellular calcium or by using phosphollpase-A inhibitors 
in vitro. Increased muscle membrane permeability was suggested to be due 
to calcium-mediated activation of phosphollpase-A and subsequent 
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generation of free fatty acids and lysophosphollplds causing membrane 
damage^ .^ In our study, serum levels of creatine phosphoklnase rose 
within two days and before widespread myoflber degeneration and necrosis 
was noticed histologically, suggesting Increased membrane permeability 
was an early CPA effect. Membranous organelles (SR, mitochondria) also 
were the most obviously affected organelles. 
In vitro work with CPA has Implicated a membrane site of action in 
muscle and non-muscle cells. Tetraphenylphosphonium (TPP+) is a proton 
probe that accumulates within cultured kidney cells by a non-saturable 
mechanism dependent on membrane potential difference. CPA Increases the 
accumulation of the probe and also Increases the apparent binding of TPP+ 
to intracellular membrane components, particularly the mitochondrial and 
plasma membrane compartments of epithelial cell homogenates. The 
mechanism Involved is unknown^ »^®^ . Extraction of soluble proteins and 
lipids from L6 muscle cell cultures prevents the binding of TPP+, 
suggesting that the phenomenon requires membranes®^ . The binding of CPA 
within membranes may affect the function of such membranes, in particular 
causing electrical alterations in the membranes themselves leading to 
increased TPP+ binding*^ . The proposed site of action between CPA and 
TPP+ was on the cytoplasmic side of the plasma membrane, and possibly the 
mitochondrial membrane®^ . 
Several of the notable clinical and experimental myotoxlc compounds 
are ionophores, among them A23187 and monensln. A23187, a calcium 
ionophore, causes necrosis, sarcolenuna disruption, contraction bands, 
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fragmentation of myofibrils, moderate Z and I band dissolution, and dark 
and shrunken mitochondria in muscle cells in vitrol2,53,56,57,73,78 
A23187 acts by releasing intracellular calcium from storage areas 
(probably SR) in muscle cells^ ®'^ ,^ or by increasing flux of 
extracellular calcium ion into the cell^ .^ Increased intracellular 
calcium results in the activation of calcium activated neutral 
proteinase, activation of phospholipase A2, or other, less well 
characterized calcium activated mechanism of myofilament damage 
13,14,15,16 Although CPA is a lipophilic, monobasic tetramic acid^ '^^ ,^ 
binds divalent cations^ ?, and apparently requires membranes®^ , there is 
no evidence that CPA is or acts as a cation ionophore, nor is the 
structure of CPA similar to ionophores such as A23187 or monensin^ *. 
Studies have not been done to determine the effect of CPA on release or 
leakage of CPA from loaded vesicles. A23187 did cause a marked efflux of 
Ca^  ^from loaded vesicles in experiments investigating the effect of CPA 
on Ca-ATPAse and calcium uptake^ .^ 
The increases in serum phosphate and BUN were most likely due to a 
decrease in glomerular filtration rate brought about by dehydration^ •. 
Decreases in serum alkaline phosphatase (SAP) activity has been reported 
in other experimental intoxications using young animals, probably due to 
a decrease in growth rate and bone associated SAP^ O. All other clinical 
pathology results were compatible with a toxin induced necrosis of 
skeletal muscle and leakage of muscle specific enzymes. Other tissue 
changes were neither felt to be associated with CPA nor to have 
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Influenced the effect of CPA on skeletal muscle. 
In summary, CPA effects on muscle could be either 1) a direct toxic 
effect on muscle membranes, such as sarcolemma, mitochondria, or SR, 
resulting in leakage of calcium and increased intracellular calcium 
concentration within the myoflber, and consequent disturbances of energy 
production and myoflber function, or 2) interference with specific 
membrane-associated functions, such as inhibiting Ca-ATPase, resulting in 
the similar disturbances due to increased intracellular calcium. 
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ABSTRACT 
Guinea pigs were given cyclopiazonic acid (CPA) at 4 mg/kg/day for 3 
or 4 days. Guinea pigs were killed 24 hours after receiving the last 
dose of CPA and muscles were examined by histochemistry, and light and 
electron microscopy. Degeneration and necrosis with decreasing severity 
were in gastrocnemius, biceps femoris, vastus lateralis, and diaphragm. 
The soleus had rare, swollen eosinophilic fibers, but no necrotic fibers. 
Degenerate fibers had dilated sarcoplasmic reticulum, mild loss of 
myofilaments and Z-lines, and swollen mitochondria with expanded, more 
lucent matrices and occasional dense matrix granules. More severely 
affected myofibers had condensed clumps of myofilament debris, swollen 
mitochondria with dense granules and disorganized cristae, swollen 
sarcoplasmic reticulum, and focal loss of plasmalemma. Creatine 
phosphokinase (CPK), aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), blood urea nitrogen (BUN), creatinine, and 
phosphorus were all increased in serum from guinea pigs given CPA. 
Amounts of vitamin E and selenium in liver were similar in CPA-treated 
guinea pigs and controls. 
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INTRODUCTION 
Gycloplazonlc acid (CPA) is a toxic Indole tetramic acid^  ^produced 
by several fungal species in the Pénicillium and Aspergillus genera. 
The toxin has been isolated from corn, peanuts, cheese, and millet; has 
been implicated in "kodua poisoning" associated with ingestion of moldy 
millet; and may be a more common metabolite of A. flavus than 
aflatoxin^ ,10,17,18,29,39 _ 
Cyclopiazonic acid has effects primarily on liver, spleen, 
gastrointestinal (GI) tract, and skeletal muscle, with predominant 
effect, e.g., central nervous signs, GI mucosal ulceration, splenic 
necrosis, hepatocellular degeneration, vascular lesions, dependent on 
species and dose2'19'21'22'23'24,26,28 
Guinea pigs developed dyskinesia and rough hair coats, and lost 
weight in studies to determine the interaction of CPA and aflatoxin^ .^ 
Histopathologic exam of muscle from guinea pigs given CPA revealed 
skeletal myofiber necrosis, which was consistently seen in type Ila or 
FOG fibersl'25'27. 
Nutritional myopathy associated with vitamin E or selenium 
deficiency has been reported in guinea pigs, as well as other domestic 
and wild species^ Although guinea pigs used in our previous 
studies were on a standard laboratory chow for guinea pigs^ ,^ the 
possibility that the myopathy that developed with CPA intoxication may 
have had a nutritional component and was not solely due to the mycotoxin 
was examined as part of further serological, histochemical and 
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ultrastructural studies investigating the pathogenesis of this mycotoxln 
Induced myopathy. 
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METHODS AND MATERIALS 
Cyclopiazonic acid (CPA) (gift of Dr. Richard Cole, Dawson, GA) was 
dissolved in chloroform at a concentration of 20 mg/ml and 0.1 ml 
aliquots of this solution were pipetted into No.5 gelatin capsules. 
Control capsules were filled with chloroform only. The chloroform was 
allowed to evaporate overnight and the capsules were reassembled and held 
at 4 C. until use. 
Eight guinea pigs (4 male and 4 female) were given CPA at 4 
mg/kg/day per os (p.o.) for 3 or 4 days following a seven day adaptation 
period to new surroundings. Three control animals were given empty 
capsules. Twenty-four hours after the last dose of CPA guinea pigs were 
anesthetized with CO2 and blood samples for serum chemistry were drawn. 
Guinea pigs were then deeply anesthetized with pentobarbital (40 mg/kg, 
ip) and samples from lateral gastrocnemius, biceps femoris, vastus 
lateralis, soleus, and diaphragm were collected for histopathology, 
histochemistry, or electron microscopy as previously described^ .^ 
. Muscle strips (0.3 X 0.3 X 1.0 cm) were fixed for 2.5-3 hours (5% 
glutaraldehyde, 4% formaldehyde in 0.1 M phosphate buffer, pH 7.3) at 
room temperature and then diced into 1 mm^  cubes and fixed for another 3 
hours before osmification (1% osmium tetroxide in 0.1 M phosphate buffer, 
pH 7.3). 
Muscle samples for histochemistry (0.75 X 0.5 X 0.5 cm) were frozen 
in isopentane cooled in liquid nitrogen and stored at -68° C. Serial 
sections from gastrocnemius, biceps femoris, vastus lateralis, and soleus 
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muscles were cut at 8 fm and stained with Gomori's trlchrome, 
nicotinamide adenine dinucleotide-tetrazolium reductase, (NADH-TR) or 
myofibrillar adenosine triphosphatase techniques (ÂTPase- both acid and 
alkaline pH)^ .^ 
Samples from the above muscles and diaphragm were fixed in 10% 
buffered formalin (pH 7.2), processed for routine paraffin embedment, 
sectioned, and stained with hematoxylin and eosln. 
Samples of liver for histologic examination were fixed in 10% 
buffered formalin (pH 7.2), and the remaining liver was divided into two 
allquots, snap-frozen in liquid nitrogen, and kept at -68° C. until 
assayed for vitamin E (HPLC-Animal Health Diagnostic Laboratory, College 
of Veterinary Medicine, Michigan State University, East Lansing, 
Michigan) and selenium levels (Gas chromatography-National Veterinary 
Services Laboratory, Fathoblology Section, Ames Iowa). 
Serum was harvested and stored frozen at -68 C. until analyzed 
(Department of Veterinary Pathology, College of Veterinary Medicine, Iowa 
State University, Ames, Iowa). 
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RESULTS 
One guinea pig died after receiving 16 mg/kg total dose of 
cyclopiazonic acid (CPA). All other guinea pigs given CPA lost weight 
over the 3 or 4 day treatment schedule (Fig. 1). Guinea pigs had rough 
hair coats and were reluctant to move. Gut contents were watery and 
intestinal walls were thin and flaccid. Livers in guinea pigs given CPA 
were pale, tan to yellow, and slightly friable. No other significant 
lesions were noted. 
Skeletal muscle had similar lesions and distribution as noted 
A e 
previously . Histopathology, histochemistry and electron microscopy all 
demonstrated that less than 5% of fibers in affected muscles were 
involved. Hypercontraction, segmental necrosis and fragmentation, and 
occasional vacuolation of myofibers were the most prominent histologic 
lesions (Fig. 2). Lesions were most severe in gastrocnemius, followed by 
biceps femoris, vastus lateralis red, vastus lateralis white, and soleus 
(Table 1). The diaphragm in some CPA treated animals was also affected, 
with moderate separation of myofibers by edema, and early degenerative 
changes of swollen, hyaline, eosinophilic fibers with occasional 
hypercontraction and fragmentation. Neutrophils and macrophages were 
found in areas of degeneration and necrosis, both between and within 
myofibers (Figs. 2, 3, and 4). 
Histochemlcal staining of serial frozen sections using Gomorl's 
trichrome, nicotinamide adenine dinucleotide-tetrazolium reductase (NADH-
TR) and myofibrillar adenosine triphosphatase (ATPase) techniques'^  
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indicated a similar distribution and frequency of degenerate myofibers as 
noted by H and E staining (Figs. 5, 6, 7, and 8). Type Ila fibers, as 
defined by staining with ÂTPase (alkaline and acid preincubation) and 
NADH-TR, were the fibers most affected by CPA. 
Electron microscopy demonstrated early changes of markedly swollen 
sarcoplasmic reticulum and mitochondria in some, but not all, degenerate 
fibers (Fig. 9). The sarcolemma associated with these areas was usually 
intact. Within a few myofibers there was mild loss of myofilaments and 
Z-lines. Some fibers had areas of hypercontraction, with densely stained 
myofibrils and unrecognizable A and I bands, and normal to swollen SR and 
mitochondria. 
Other fibers had more severe changes, principally dense 
accumulations of myofilament debris separated by foci of granular debris, 
aggregates of swollen mitochondria and sarcoplasmic reticulum, and empty 
space (Fig. 2 and 10). A few fibers had foci with fragmented myofibrils, 
with short bundles of myofilaments and associated Z-bands in haphazard 
arrays (Fig. 11). Severely affected myofibers in cross section were 
often empty or contained fine granular debris, myelin figures, and 
occasional phagocytic or satellite cells (Fig. 12) and had focal loss of 
plamsmembrane (Fig. 13). 
Vitamin E and selenium levels were not different in controls 
compared to treated animals (Fig, 14). Liver vitamin E levels varied 
from 6.92-41.32 pg/g, with the lowest level found in the one animal that 
died. The amount of selenium in livers ranged from 0.76-3.32 ppm. These 
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figures were based on approximately 30% dry weight. 
Serum creatine phosphokinase (CPK), aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), blood urea nitrogen (BUN), 
creatinine, and phosphorus were all elevated in guinea pigs given CPA 
compared to control animals, while serum proteins were unchanged (Figs. 
15, 16, 17, 18, and 19). 
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Table 1. Lesion scores on muscles from guinea pigs given CPÂ^  
Guinea Muscle® 
Pig 
CP Gastroc B.fem V.lat(R) V.lat(W) Diaphrag 
la ++ 0 0 + 
lb +++ +++ + + 0 
3a + 0 0 0 0 
3b° +++ +++ ++ + + 
5a ++ + + 0 0 
5b +++ + ++ + ++ 
6a ++ 0 0 0 + 
6b 0 0 0 0 0 
2aC 0 0 0 0 0 
2b® 0 0 0 0 0 
6c® 0 0 0 0 0 
M^uscle processed for routine paraffin embedment and stained with 
hematoxylin and eosin. 
boied. 
C^ontrol animals. 
0^-no lesion, +- mild, small number of affected fibers(4-8), swollen 
eosinophilic, occasionally fragmented, ++- moderate, increased number of 
fibers (10-15), swollen, eosinophilic, more fragmented, +++- severe, high 
number of affected fibers, generally fragmented, often with contraction 
caps, occasional inflammatory cells and mineralization. 
®Gastroc - gastrocnemius, B. fem - biceps femoris, V. lat= vastus 
lateralis, Diaphrag - diaphragm. 
Figure 1. Average weight gain of guinea pigs given cyclopiazonic acid 
for 4 days (n-4), 3 days (n-3), and control animals. Guinea 
pigs were given 4 mg/kg/day of CPA starting on Day 0. 
Controls were given empty capsules. 
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Figure 2. Muscle from a guinea pig given 4 mg/kg/day of CPA for 4 days. 
Swollen myofibers and myofibers with segmental necrosis with 
dense coagulums of hypercontracted and fragmented myofibrils 
and intracellular inflammatory cells (neutrophils or 
macrophages). 
H and E; Bar - 35 pm. 
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Figure 3. Muscle from a guinea pig given 4 mg/kg/day of CPA for 4 days. 
Phagocytic cell with numerous vacuoles containing degenerate, 
free mitochondria and other necrotic debris within a 
degenerate myofiber. 
TEM; Bar - 1 fim. 
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Figure 4. Muscle from a guinea pig given 4/mg/kg/day of CPA for 4 days. 
Neutrophils are within blood vessel and between degenerate 
myofibers. Endothelial cells contain numerous small vesicles 
and folds or projections into the vessel lumen. Degenerate 
myofibers have swollen mitochondria with dense matrix 
granules, disordered and fragmented myofibrils, and occasional 
myelin figures within vacuoles. 
TEM; Bar - 1 fim. 
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Figure 5. Muscle from guinea pig given 4 mg/kg/day of CPA for 4 days. 
Multiple degenerate and necrotic myofibers scattered amongst 
less affected or normal fibers. Necrotic fibers are intensely 
stained focally, with lucent or empty areas within the 
sarcoplasm. I - type I fiber; A - type Ila fiber; B = type 
lib fiber; N - necrotic fiber. Serial section, Gomori's 
Trichrome; Bar - 45 pm. 
Figure 6. Necrotic and degenerate myofibers with large, primarily 
subsarcolemmal, aggregates of formazan granules. Formazan 
granules are also scattered throughout remnant of sarcoplasm 
in necrotic fibers. Intensely staining type lia myofibers (A) 
have large subsarcolemmal aggregates, are occasionally 
swollen, and are degenerate in other serial sections (N). 
Type lib (B) fibers are generally larger in diameter, palely 
stained, and have minimal subsarcolemmal staining. Type I 
fibers (I) are slightly smaller, and have smaller, more finely 
dispersed, aggregates of formazan granules. 
Serial section, NADH-TR; Bar - 45 pm. 
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Figure 7. Muscle from guinea pig given 4 mg/kg/day of CPA for 4 days. 
Type I (I) fibers are pale. Type II fibers stain darkly. 
Type Ila (A) fibers stain most intensely. Type lib (B) fibers 
have a slightly paler appearance. Necrotic type lla (N) 
fibers stain the most intensely of all, with disorganized 
clumps of ATPase activity within less intense or nonstaining 
areas within the myofiber. Note myofiber (N) compared to 
Figures 5, 6, and 8. 
Serial section, ATPase pH 10.2; Bar - 45pm. 
Figure 8. Muscle from a guinea pig given 4 mg/kg/day of CPA for 4 days. 
Type I (I) fibers and type lia (A) fibers stain very 
similarly, with type lia fibers having larger, and more 
staining foci. Type lib (B) fibers stain poorly. Necrotic 
• fibers (N) are noted by disorganized clumps of activity with 
the rest of the myofiber very poorly stained. Note myofiber 
(N) which is an intact type lia fiber in this section, but 
which is degenerate in Figures 5 and 6. 
Serial section, ATPase pH 4.7; Bar - 45 /im. 
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Figure 9. Muscle from a guinea pig given 4 mg/kg CPA for 4 days. 
Subsarcolemmal myofibrils are separated by edema, swollen 
tubular structures (sarcoplasmic reticulum), and accumulations 
of myelin figures (possibly mitochondria). 
TEM; Bar - 1 pm. 

Figure 10. Muscle from a guinea pig given 4 mg/kg/day of CPA for 4 days. 
Swollen mitochondria with disordered and unrecognizable 
cristae, dilated tubular structures (sarcoplasmic reticulum 
and autophagic vacuoles) as well more finely granular debris, 
separate more intensely stained remnants of myofibrils. 
TEM; Bar - 1 nm. 
5% 
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Figure 11. Muscle from guinea pig given 4 mg/kg/day of CPA for 4 days. 
Swollen tubular structures, (sarcoplasmic reticulum), 
occasional autophagic vacuoles containing cell debris, and 
short, random sections of myofilaments are centered on dense 
staining structures (Z-lines). 
TEM; Bar - 1 pm. 

Figure 12. Muscle from a guinea pig given 4/mg/kg/day of CPA for 4 days. 
Large cell within myofiber with multiple Golgi arrays, rough 
endoplasmic reticulum, lysosomes, and phagolysosomes. 
TEM; Bar - 0.72 fjim. 
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Figure 13. Muscle from a guinea pig given 4/mg/kg/day of CPA for 4 days. 
Myofiber with subsarcolemmal edema and mild loss of 
myofilaments, fading of Z-lines, but relatively normal 
mitochondria. Adjacent myofiber has a large subsarcolemmal 
aggregate of lipid vacuoles, swollen mitochondria with dense 
matrix granules, and loss of plasma membrane. 
TEM; Bar - 1 urn. 
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Figure 14. Levels of vitamin E and selenium in livers of guinea pigs 
given cyclopiazonic acid. Bars represent combined mean levels 
for guinea pigs given CPA for 3 and 4 days (n-8) and control 
animals (n-3). Error bars represent standard error of the 
mean. 
Figure 15. Creatine phosphokinase activity in serum of guinea pigs given 
4 mg/kg/day of cyclopiazonic acid. Bars represent combined 
mean levels for guinea pigs given CPA for 3 or 4 days (n=8) 
and control animals (n-3). Error bars represent standard 
error of the mean. 
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Figure 16. Levels of selected liver and muscle enzymes in serum of guinea 
pigs given 4 mg/kg/day of cyclopiazonic acid. Bars represent 
combined mean levels for guinea pigs given CPA for 3 or 4 days 
(n- 8) and control animals (n-3). Error bars represent 
standard error of the mean. 
Figure 17. Levels of protein, globulins, and albumin in serum of guinea 
pigs given 4 mg/kg/day of cyclopiazonic acid. Bars represent 
combined mean levels for guinea pigs given CPA for 3 or 4 days 
(n-8) and control animals (n-3). Error bars represent 
standard error of the mean. 
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Figure 18. Calcium and phosphorus concentration in serum of guinea pigs 
given 4 mg/kg/day of cyclopiazonic acid. Bars represent 
combined mean levels for guinea pigs given CPA for 3 or 4 days 
(n-8) and control animals (n-3). Error bars represent 
standard error of the mean. 
Figure 19. Creatinine and blood urea nitrogen concentration in serum of 
guinea pigs given 4 mg/kg/day of cyclopiazonic acid. Bars 
represent combined mean levels for guinea pigs given CPA for 3 
or 4 days (n-8) and control animals (n-3). Error bars 
represent standard error of the mean. Creatinine levels are 
shown 10 times actual values. 
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DISCUSSION 
Early lesions in guinea pig skeletal muscle involved mitochondria 
and sarcoplasmic reticulum (SR). The focal areas of intrafiber edema, as 
well as mitochondria and SR dilatation and beginning myofilament lysis, 
are compatible with either a localized sarcolemma disturbance permitting 
the influx of calcium or disruption of mechanisms maintaining low 
intracellular calcium. Cyclopiazonic acid inhibits SR Ca-ATPase which is 
responsible for removing calcium from the sarcoplasm and maintaining a 
low intracellular calcium level^ .^ Increased intracellular levels of 
calcium could lead to a number of deleterious events triggered or 
controlled by calcium including activation of endogenous phospholipase 
and calcium activated proteinase, hypercontraction, and mitochondrial 
uptake of calcium at the expense of energy production, as well as less 
understood mechanisms of myofilament loss^ '^ ,12,13,40 
The reasons for the prevalence of lesions in the gastrocnemius 
muscle is unclear. This muscle is made up of a mixture of type Ila, lib, 
and relatively few type I fibers. However, both biceps femoris and 
vastus lateralis are made up of similar mixtures of fiber types, with 
slight prevalence of one type depending on the musclel'5,6,7,8,27 
Histochemically, type II fibers were clearly more affected than type 
I fibers in all affected muscles. In this study, as in a previous 
study^ ,^ there was little involvement of the soleus, which is composed 
solely of type I fibers^ A few hyaline, eosinophilic fibers were 
found in the soleus muscles of the most severely affected guinea pigs, 
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but there was no necrosis. All myofiber types may be involved eventually 
in myopathies, although involvement of one fiber type initially is often 
observed. The reason for the preferential effect of CPA on type Ila 
myofibers is unclear, but may be related to the metabolic capabilities of 
these fibers (high oxidative enzyme content, high numbers of 
mitochondria, and increased capillary density) compared to other fiber 
typesl'^ 'B'2^ '25»27. 
Clinical pathology results were compatible with CPA effects on 
muscle and liver. Elevations of creatine phosphokinase (CPK) and 
aspartate aminotransferase (AST) indicate increased sarcolemma 
permeability and myofiber necrosis. Mild liver involvement is reflected 
in vacuolation of hepatocytes and the increased alanine aminotransferase 
(ALT) levels in CPA-treated guinea pigs. The cachexia and dehydration of 
treated guinea pigs is reflected in the weight loss, increased serum 
levels of blood urea nitrogen (BUN), phosphorus, and creatinine. 
The results of the present study suggest that Vitamin E and selenium 
levels were not depleted in liver in CPA treated guinea pigs versus 
controls. Guinea pigs given cyclopiazonic acid (CPA) had slightly 
greater levels of both vitamin E and selenium in liver than control 
animals, but there was considerable variation in levels among animals 
(principally due to one animal) which made interpretation difficult. The 
finding of lowered Vitamin E in the one animal that died suggests that a 
low level of vitamin E may be important in this intoxication. However, 
guinea pig lb had severe muscle lesions and yet had the highest amount of 
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liver vitamin E, almost three times the level found in any other animal 
given CPA, and 4-6 times greater than any control animal. Similarly, one 
study reported vitamin E and glutathione peroxidase (the enzyme affected 
by selenium levels) levels were 2-4 times higher in muscle and serum of 
horses with symptoms of tying-up syndrome than in controls. 
Unfortunately the authors could not rule out dietary or injectable 
supplementation of vitamin E in these animals^ .^ 
Nutritional myopathy associated with a deficiency in both vitamin E 
and vitamin A has been reported in guinea pigs^ »^ .^ In one study, 3 
animals not supplemented with a-tocopherol had degeneration and necrosis 
of skeletal muscle, and had levels of vitamin E of 0.53, not detectable, 
and 1.07 pg/g wet weight of liver^ .^ The levels of Vitamin E reported in 
the present study were based on an approximate 30% dry weight basis, 
which would give levels ranging from 2.3-13.0 ug/g on a wet weight basis, 
considerably higher than levels associated with vitamin E deficiency in 
the earlier report. 
Vitamin E and selenium are considered to be primarily effective in 
preventing membrane damage due to lipid peroxidation. Vitamin E is a 
free radical scavenger, located primarily in membranes of intracellular 
organelles, while selenium is important for the function of glutathione 
via glutathione peroxidase^ ®CPA alters the accumulation of a 
proton probe in kidney and L6 muscle cells in vitro by an unknown 
mechanism that apparently requires membranes^ »^^ .^ A marginal level of 
vitamin E or selenium coupled with the myotoxic mycotoxin may have 
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contributed to the severe myopathy seen in certain of these guinea pigs. 
In summary, CPA at 4 mg/kg/day for 3 and 4 days resulted in 
significant myopathy demonstrated by serum chemistry, histology, 
histochemistry and electron microcopy. Early lesions were swelling of 
mitochondria and SR, which progressed to mild loss of Z-line and 
myofilaments, hypercontraction, and necrosis and fragmentation of 
myofibers. Vitamin E and selenium levels in the liver of CPA-treated 
animals were not decreased compared to controls, although in the one 
animal that died both compounds were low compared to CPA-treated animals, 
but not controls. 
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SUMMARY 
Animals are exposed to a variety of feedstuffs, and in controlled or 
high production situations they have little choice when exposed to 
contaminated feed. Mycotoxins are found in a variety of situations in 
which poor production is one of the hallmarks. In addition, animals 
suffer a number of myopathies which could be caused or exacerbated by 
poor feed or a myotoxic mycotoxin. This report demonstrates and 
characterizes the experimental lesions and pathogenesis induced by the 
mycotoxin cyclopiazonic acid (CPA). Our goals in this study were to 
assess the effect of CPA on skeletal muscle by 1) characterizing the 
lesion, 2) determining the type of fiber predominantly involved, 3) 
defining the pathogenesis of the lesion, and 4) assessing the 
intoxication using clinical pathology. Most of these goals were met, 
although the precise site of primary injury and thus the exact 
pathogenesis of the lesion was not as well defined as we would like. 
Histochemistry and electron microscopy results indicated that type II 
fibers, in particular type Ila fibers were primarily affected. 
Membranous organelles (mitochondria, SR) and sarcolemma are often 
affected in other toxic myopathies and were the primary organelles 
affected in this study as well. Increases in serum activity of muscle 
specific enzymes were further confirmation that CPA can induce a toxic 
myopathy. 
Other methodologies may be more effective for determining the 
earliest site of injury in CPA intoxication. Certainly, 
112 
electrophyslology or biochemical studies could more easily assess a 
functional or biochemical alteration in myofibers, and electron 
microscopy using isolated or skinned fibers might assist in further 
clarification of the primary injury. 
CPA is not monitored in feeds, nor is its prevalence well documented 
in common grains and foodstuffs. Certainly the fungi which are capable 
of producing this compound are prevalent in the. environment. In 
diagnostic situations, nutritional myopathy may occur in situations with 
marginal feedstuffs or when feeds are supplemented with trace elements 
and vitamins^ l. It is problematic whether CPA may play a role in these 
situations. This report and others have demonstrated that CPA can induce 
muscle lesions. Further research will help determine if CPA is prevalent 
enough to be of concern or if it is a problem in certain instances of 
exposure to moldy or mycotoxin contaminated grain. 
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